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Worker turnover and job reallocation in
Taiwanese manufacturing
MENG-WEN TSOU, JIN-TAN LIU{ and JAMES K. HAMMITT{*
Department of International Trade, Tamkang University, { Department of Economics,
National Taiwan University and { Centre for Risk Analysis, School of Public Health,
Harvard University
The paper examines time-series patterns of job and worker ¯ows in a newly indus-
trializing economy (NIE). Using plant-level data from the Taiwan manufacturing
sector, the cyclical behaviour of job reallocation and its relation with worker turn-
over is analysed. It is found that job reallocation and labour turnover are pro-
cyclical, at both the aggregate and (two-digit) industry levels. The share of worker
turnover caused by gross job reallocation is 17%, suggesting the majority of
observed worker turnover re¯ects rotations of positions that are neither created or
destroyed. There is substantial heterogeneity in plant-speci®c job and worker turn-
over patterns. Job creation and job destruction rates are higher among small plants
and private-sector plants. The private plants are more dynamic than public plants in
terms of worker turnover. Controlling for year and industry eVects, it is found that
job creation and worker turnover are both higher in export-oriented industries.
I . INTRODUCTION
There is a large and growing literature on the dynamics of
labour markets, including job creation and destruction,
worker hiring and separation, and the relation of these
¯ows to the business cycle, innovation and international
trade. Most of the existing research has examined con-
ditions in advanced industrialized countries. In this
paper, a unique plant-level data set is used to examine
simultaneously both job and worker ¯ows in a newly indus-
trializing economy (NIE).
Three main issues are addressed. First, the time-series
patterns of job ¯ows and worker ¯ows are examined. The
study is particularly interested in the cyclical properties of
job and worker ¯ows and the fraction of worker turnover
that is due to job reallocation. Second, the relationship
between net employment growth, hiring and separation
rates at the plant level are investigated. The rates of job
and worker ¯ows are compared using two observable plant
characteristics: plant size and ownership type. Third, using
a regression framework, the roles of innovation and trade
exposure in the determination of job-¯ow and worker-¯ow
rates are explored. A limitation of our study is that it is
unable to analyse the contribution of entry and exit to
worker and job reallocation, because complete information
on newly created and exiting plants is not available.
The principal ®ndings are as follows. There are substan-
tial diVerences in the variability of job and worker ¯ows.
While job creation and destruction are inversely correlated,
hirings and separations are positively correlated over the
business cycle. Job creation is more volatile than job
destruction, hence job reallocation is pro-cyclical. Worker
turnover also exhibits a pro-cyclical pattern.
Job reallocation and worker turnover are also pro-
cyclical at the (two-digit) industry level. The majority of
job reallocation occurs within industrial sectors.
Hiring and separation of workers occur simultaneously
at the plant level. Contracting plants account for a high
percentage of hires, expanding plants contribute a large
share of exits. There is also substantial heterogeneity in
plant-speci®c job and worker turnover patterns. Job crea-
tion and job destruction rates are higher in small plants
than in large ones, but the large plants play the dominant
role in job creation and destruction. Although hiring rates
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decline monotonically with plant size, separation rate
shows no systematic relationship to plant size. Private
plants are more dynamic than public plants in terms of
job and worker turnover rates.
Variation in the growth of industry output aVects job
and worker ¯ows. Industries with higher growth have
higher job creation rates and lower job destruction rates.
Hirings and separations are positively related to an in-
dustry’s output growth. Furthermore, job creation rates
and worker turnover rates are higher in export-oriented
industries.
The remainder of the paper is organized as follows.
Section II summarizes some of the results of previous
studies investigating these issues in other countries.
Section III describes the data sources and measurements
of employment ¯ows. Section IV describes the basic pat-
terns of job and worker ¯ows in the manufacturing sector
in Taiwan. In Section V, the relationship between employ-
ment changes and ®rm size and ownership type are
reported and discussed. Section VI discusses the determi-
nants of industry-level job and worker ¯ows. Section VII
concludes.
II . PREVIOUS RESULTS
Much previous research has focused on job reallocation,
which occurs through job creation and destruction. With
the exception of Roberts (1996a), Konings et al. (1996),
and Bilsen and Konings (1998) , most of the empirical
studies have considered the manufacturing sectors in devel-
oped countries.1 This empirical work has identi®ed some
stylized facts: First, the level of job creation and job
destruction is remarkably large, with both processes occur-
ring simultaneously even within narrowly de®ned sectors.
Second, studies of Canada, the United States and several
European countries ®nd that job destruction ¯uctuates
more over time than does job creation. Third, ®rm-speci®c
characteristics such as age, size, and ownership type aVect
the levels of job creation and job destruction.
More recently, economists have begun to examine the
cyclical properties of worker turnover (or labour turnover,
the sum of hiring and separation rates), and its relation
to job reallocation.2 Hamermesh et al. (1994, 1996), Lane
et al. (1996), and Serrano (1998) analyse the relationship
between net employment changes and hirings/separations
and the simultaneity of hirings and separations at the ®rm
level. Their results suggest that hiring is not restricted to
expanding ®rms, separations are not restricted to shrinking
®rms, and the large majority of worker turnover is attribu-
table to worker-initiated and ®rm-initiated turnover across
continuing position. Albñk and Sùrensen (1998) ®nd that
job reallocation is symmetric and worker turnover is pro-
cyclical over the business cycle in Denmark. They conclude
that the cyclical behaviour of worker turnover is driven by
workers ®nding better jobs in booms rather than plants
purging bad matches in recessions, i.e. the dynamics of
job separations is dominated by a pro-cyclical quit rate.
Abowd et al. (1999) use matched data from France to
suggest that the hiring rate is more important than
the separation rate for adjusting employment. Most
French establishments engage in simultaneous hiring and
separation, increasing the hiring rate when there is job
creation and decreasing the hiring rate when there is job
destruction.
Other researchers have considered the relationship of
job/worker turnover to innovation and trade exposure.
Klette and Fùrre (1998) ®nd that, in Norway, net job crea-
tion is no higher in high-tech industries. Pacelli et al. (1998)
®nd that separations are inversely related to an industry’s
innovation intensity, supporting the hypothesis that more
innovative ®rms cultivate more durable employer-
employee relationships. The link between trade-related
variables and job turnover is not well established. In gen-
eral, after controlling for industry eVects and common
macroeconomic shocks, foreign competition and exporting
opportunity show little eVect on entry and exit rates
(Roberts, 1996b; Roberts and Tybout, 1996; Tybout,
1996). An exception is Morocco, where Haddad et al.
(1996) ®nd that export promotion programmes appear to
have tilted entry patterns towards export-oriented sectors
III . DATA AND MEASUREMENT
The data are from the annual labour turnover surveys con-
ducted by the Statistical Bureau of Taiwan. Attention is
restricted to plants in the manufacturing sector over the
period 1981±1994. Due to a substantial reduction in the
sample sizes for 1990, this year is excluded from the
study. The level of observation is the plant. Since the sur-
vey includes retrospective questions on year-end employ-
402 M.-W. Tsou et al.
1 See, e.g. Leonard (1987), Dunne et al. (1989), Davis and Haltiwanger (1992), Davis et al. (1996), and Foote (1998) for the USA,
Baldwin and Picot (1995) for Canada, Konings (1995a, 1995b) and Blanch¯ower and Burgess (1996) for the UK, Boeri (1992) for
Germany, Broersma and Gautier (1997) for the Netherlands, and Borland (1996) for Australia. Baldwin, Dunne and Haltiwanger (1998)
compare employment ¯ows in the USA and Canada. Roberts (1996a) compares employment ¯ows for three developing countries: Chile,
Columbia, and Morocco. Konings et al. (1996) analyse labour market adjustment in Poland. Bilsen and Konings (1998) investigate job
¯ows and ®rm level employment growth in three transition countries: Bulgaria, Hungary, and Romania.
2 Job turnover counts jobs, while worker turnover counts individuals. Job turnover, a discrete-time measure, is calculated by taking ®rst
diVerences of employment stocks, while worker turnover records all hirings and separations in a given time period.
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ment as well as hirings and separations of workers during
the year, the job creation and job destruction rates are
possible to compute. In contrast to most previous studies,
the dataset includes job ¯ows and worker ¯ows from the
same source, which makes job turnover and worker turn-
over statistics comparable.3 However, it is important to
emphasize that the dataset contains mainly continuing
plants. As a result, the reported job creation and destruc-
tion rates as well as hiring and separation rates should be
interpreted as lower bounds to the true rates. Also, it is not
possible to analyse the contribution of entry and exit to
worker and job reallocation.
The de®nitions of job creation and destruction are simi-
lar to those originally proposed by Davis and Haltiwanger
(1992). Job creation (POS) is measured as the sum of
employment gains at all plants. Job destruction (NEG) is
measured as the sum of employment losses at all plants.
Both measures are converted to rates by dividing through
the size of the sector, de®ned as the average employment at
the beginning and the end of the period. The job realloca-
tion rate (SUM) is the sum of job creation and destruction
rates. The net employment growth rate (NET) is the diVer-
ence between the rates of job creation and destruction. A
major focus of the work involving gross job ¯ows is the
cyclical correlation between reallocation intensity (as meas-
ured by SUM) and aggregate economic activity (as meas-
ured by NET). The sign of this correlation is positive if and
only if the variance of job creation is larger than that of job
destruction. Finally, gross ¯ows of workers refer to hirings
(H) and separations (S) of workers; total worker turnover
(T) is de®ned as the sum of the two. Dividing these by
average employment of all plants at the beginning and
the end of the period gives the corresponding gross worker
¯ow rates.
IV. BASIC PATTERNS OF JOB AND
WORKERS FLOWS IN TAIWAN
MANUFACTURING SECTOR
This section provides an overview of job and worker ¯ows
in the Taiwanese manufacturing sector. The ®rst part of the
section examines the time-series ¯uctuations of job crea-
tion, job destruction, hiring and separation. The second
part reports job ¯ows within and between industries.
Time variation of job and worker ¯ows
The analysis begins by examining the time-series patterns
of job creation, job destruction, hiring and separation.
Table 1 reports gross and net ¯ow rates of jobs and
workers over the period from 1981±1994. One of the
central facts captured by Table 1 is the phenomenon of
simultaneous job creation and destruction. In 1983, when
net manufacturing employment expanded by a robust
7.2%, the job destruction rate was 3.2%. In 1985, when
manufacturing employment declined 1.6%, the job
creation rate was 6.3%. The job reallocation rate ranges
Taiwanese manufacturing 403
3 Other studies that analyse job and worker turnover data from a common source include: Anderson and Meyer (1994) in the USA; Boeri
(1994) in Germany; Hamermesh, Hassink and van Ours (1996) in the Netherlands; Albñk and Sùrensen (1998) in Denmark; Serrano
(1998) in Spain; and Abowd et al. (1999) in France.
Table 1. Annual job and worker ¯ow rates for Taiwan manufacturing sector
Job Job Job Net Worker Sample
creation destruction reallocation change Hiring Separation turnover size
Year (POS (NEG) (SUM) (NET) (H) (S) (T) (N)
1981 0.057 0.051 0.108 0.007 0.359 0.353 0.712 3329
1982 0.053 0.077 0.131 ¡0.024 0.307 0.331 0.638 3602
1983 0.105 0.032 0.137 0.072 0.410 0.338 0.747 3708
1984 0.084 0.057 0.141 0.027 0.396 0.368 0.764 3725
1985 0.063 0.079 0.143 ¡0.016 0.307 0.323 0.631 4874
1986 0.098 0.034 0.132 0.063 0.446 0.383 0.829 4470
1987 0.078 0.043 0.121 0.036 0.473 0.438 0.911 4442
1988 0.071 0.053 0.125 0.018 0.431 0.413 0.844 4973
1989 0.059 0.063 0.122 ¡0.004 0.392 0.396 0.788 4503
1991 0.062 0.053 0.115 0.010 0.320 0.310 0.631 4861
1992 0.048 0.061 0.110 ¡0.013 0.293 0.305 0.598 4916
1993 0.052 0.046 0.098 0.007 0.278 0.271 0.550 4637
1994 0.053 0.037 0.089 0.016 0.256 0.240 0.496 4663
Mean 0.068 0.053 0.121 0.015 0.359 0.344 0.703
Std 0.018 0.015 0.016 0.029 0.070 0.056 0.124
Pearson correlation (POS, NEG): ¡0:52. Pearson correlation (SUM, NET): 0.23. Std (POS)/Std (NEG): 1.22. Pearson correlation (H, S):
0.92. Pearson correlation (T, NET): 0.50. Std (H)/Std (S): 1.25.
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from a high of 14.3% in 1985 to a low of 8.9% in 1994.
For manufacturing as a whole, job creation and
destruction rates average 6.8% and 5.3%, respectively.
The annual average job reallocation rate is 12.1%. The
manufacturing sector as a whole grew at an average rate
of 1.5% per year.
Figure 1 depicts the movements of job creation and
destruction. It shows that job creation and job destruction
are negatively correlated. Over the period, job destruction
shows no tendency to vary more than job creation. This is
evident from the higher time-series standard deviation of
job creation (0.018) than of job destruction (0.015)
reported at the bottom of Table 1. These standard devi-
ations imply that the time-series variance of job creation is
about one and one-half times larger than the variance of
job destruction. The asymmetry in the time-series volatility
of creation and destruction re¯ects the pro-cyclical nature
of job reallocation. The correlation coe cient between the
net employment growth rate and the job reallocation rate is
0.23.
The last three columns in Table 1 illustrate the striking
diVerences between total worker ¯ows and job ¯ows. It is
apparent that both hiring and separation rates are much
higher than job creation and destruction rates. The simul-
taneity of hirings and separations also exists over the entire
period. For the manufacturing sector as a whole, the hiring
and separation rates average 35.9% and 34.4%, respect-
ively. The gross worker turnover rate ranges from 49.6%
in 1994 to 91.1% in 1987. Worker turnover is about ®ve to
seven times the rate of job reallocation.
There are two components to worker turnover. The
®rst element arises as a consequence of ®rms creating
and destroying job positions (job reallocation), leading
to changes in the level of employment. The second
occurs independently of job ¯ows, with no eVect on
®rms’ employment levels. This sort of worker turnover
is due to job-match creation and destruction as workers
begin or leave a position. In the sample, the share
of worker turnover caused by gross job reallocation,
which can be interpreted as `involuntary worker turnover’
is relatively small, varying between 13.3% and 22.7%.
Total job reallocation does not appear to be the major
source of worker turnover. Instead, job-match creation
and destruction, attributable to worker-initiated and
®rm-initiated turnover across continuing positions,
is responsible for the largest fraction. This result suggests
that Taiwanese labour turnover is somewhat more dynamic
than in the developed economies. Davis and Haltiwanger
(1992) and Anderson and Meyer (1994) ®nd that job real-
location accounts for between one-third and one-half of
worker ¯ows in the USA. Similar results have been
obtained for Germany by Boeri (1994), for the
Netherlands by Hamermesh, Hassink and van Ours
(1994), and for Spain by Serrano (1998).
The cyclical property of job ¯ows is similar to those
reported by Roberts (1996a) for three developing countries
404 M.-W. Tsou et al.
Fig. 1. Job creation and job destruction in Taiwan
Note: Solid line represents job creation; dashed line represents job destruction.
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(Columbia, Chile, and Morocco), but contrary to the ®nd-
ings for Canada, the USA, and several European countries.
Since the dataset contains mainly continuing plants, the
magnitude of the gross job ¯ow rates reported here is
much smaller than those of the three developing countries.4
Table 1 also shows that the time-series standard
deviation of hiring is larger than that of separation.
The simple correlation between net employment growth
and worker turnover rate is 0.50. This implies that
the pro-cyclical variation in the worker turnover series
is stronger than the variation in the job reallocation series.
In addition, hiring and separation are signi®cantly
positively correlated (0.92), indicating that separation
rates tend to be higher when hiring rates are higher.
One possible explanation is that replacement hiring is
driven by workers quitting.5 The pro-cyclicality of total
worker turnover is consistent with the ®ndings in
Anderson and Meyer (1994) for the USA, Albñk and
Sùrensen (1998) for Denmark, and Abowd et al. (1999)
for France.
Cross-industry variation in average annual job and worker
¯ows
To investigate diVerences in industry-level employment
adjustment patterns, the same job-¯ow and worker-¯ow
rates are calculated for two-digit industries. Table 2 pres-
ents the average annual rates for job creation, job destruc-
tion, job reallocation, net job change, hiring, separation
and worker turnover. The last three columns report the
correlation coe cients between measures of job creation
and job destruction, job reallocation and net employment
growth, and the relative standard deviations of job creation
and destruction.
Large sectoral diVerences are apparent. High worker
turnover sectors are also high job creation and destruction
sectors. The annual average job creation rate varies from
2% in Petroleum and Coal to 8.9% in Electrical
Machinery. The annual average job destruction rate varies
from 0.8% in Petroleum and Coal to 7.1% in Electrical
Machinery. Worker turnover is three to seven times as
great as job reallocation.
Low levels of net employment change mask a great deal
of labour market activity. Three stagnant two-digit indus-
tries (textiles, chemical matter, and precision instruments)
experience signi®cant gross job creation and destruction
simultaneously. The average job creation rate ranges
from 3.7% in chemical matter to 8.6% in precision instru-
ments. The average job destruction rate ranges from 3.6%
in chemical matter to 8% in precision instruments. The
hiring and separation rates are even higher among these
sectors, varying between 19.5% and 44%.
Examining the last three columns in Table 2, it is found
that time-series of job creation and destruction are all
negatively correlated. With the exception of six two-digit
industries (textiles, chemical matter, nonmetallic mineral
products, basic metal, machinery and equipment, and pre-
cision instruments), the simple correlations between job
reallocation and net growth rate are all positive. This
occurs because the time-series standard deviation of job
creation is larger than that of job destruction. Therefore,
a pro-cyclical pattern of employment reallocation exists in
most two-digit manufacturing industries. Similarly, hiring
is more cyclically volatile than separation in most
industries.6
To evaluate the contribution of within-sector and
between-sector job ¯ows, excess job reallocations are de-
composed at the total manufacturing level into the com-
ponents due to employment shifts between and within
industries. Speci®cally, excess job reallocation is de®ned
as the diVerence between total job reallocation and the
absolute value of net employment growth for the period
…SUM ¡ jNET j†. The component due to between-sector
shifts is measured by summing across sectors the deviation
of the absolute growth rate for the sector from the absolute
growth rate for total manufacturing …
P
i jNETij ¡ jNET j†.
The component due to within-sector shifts is measured as
the sum across sectors of the excess job reallocation in each
sector …
P
i…jSUMij ¡ jNETij††.
The between- and within-sector components of excess
job reallocation are calculated for every year using both
the two-digit and four-digit annual series. Within-sector
shifts account for 73% of excess job reallocation among
two-digit industries. Even when sectors are de®ned by four-
digit industry, within-sector shifts still account for 56% of
excess job reallocation.7 Therefore, the high rates of job
reallocation should be interpreted as re¯ecting primarily
employment shifts among establishments in the same
industry. This ®nding of substantial heterogeneity in em-
ployment patterns across plants within the same industry
Taiwanese manufacturing 405
4 Roberts (1996a) ®nds that the job reallocation rate lies in the range of 26.2±30.6% for the three developing countries.
5 Akerlof et al. (1988) and Albñk and Sùrensen (1998) ®nd that quits are pro-cyclical and layoVs are countercyclical in the USA and
Denmark.
6 To save space, we do not report the relative standard deviation of hiring and separation in Table 2.
7 Dunne et al. (1989) ®nd that over 70% of employment turnover occurs across plants within the same two-digit industry in the USA.
Davis and Haltiwanger (1992) ®nd that about 12% of excess job reallocation in the USA is accounted for by shifts between four-digit
industries. Similarly, Baldwin et al. (1998) ®nd between-industry shifts (two-digit) account for only 3.6% of excess job reallocation in the
USA and 2.5% of excess job reallocation in Canada. For developing countries, Roberts (1996a) shows that more than 80% of employ-
ment turnover occurs within four-digit industries in Columbia, Chile and Morocco.
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is consistent with the results of Dunne et al. (1989), Davis
and Haltiwanger (1992), Roberts (1996a), and Baldwin
et al. (1998).
V. NET EMPLOYMENT CHANGES, FIRM
HETEROGENEITY AND JOB AND
WORKER FLOWS
The results in the previous section suggest that job reallo-
cation is driven fundamentally by plant-level heterogeneity
in labour demand. The ®rst part of this section investigates
the relationship between net employment growth and the
¯ow of workers in and out of plants. The second part
examines the gross job and worker ¯ows by plant size
and ownership type.
Net employment changes, hirings and separations
Table 3 describes the relationship between employment
growth, hirings and separations at the plant level.
Establishments are classi®ed by whether they have growing
or declining employment. There are two main ®ndings.
First, the hiring rate is substantially higher among expand-
ing establishments than among contracting establishments.
On average, growing plants have a hiring rate more than
twice as large as that of declining plants. However, while
the separation rate is higher among contracting establish-
ments than among expanding establishments, the diVerence
is relatively small. Second, growing plants account for two-
thirds of all hirings and somewhat surprisingly declining
plants account for only about half of all separations. The
last two columns show that one in three hires are by plants
that are reducing employment. Similarly, expanding plants
account for about one in two separations. This demon-
strates that separations and hires occur simultaneously ±
jobs are destroyed by plants doing substantial hiring, and
are created by plants that are shrinking.
Figure 2 displays the distribution of hires by establish-
ment growth rates.8 The major part of hires takes place in
plants with moderate growth rate, e.g. plants with growth
rates in the interval (¡0:1, 0.3) account for 70.6% of all
406 M.-W. Tsou et al.
Table 2. Means and correlations for job and worker ¯ows by industry, Taiwan
corr(POS, corr(SUM, Std(POS)/
Industry POS NEG SUM NET H S T NEG NET) Std(NEG)
Food (20) 0.059 0.032 0.092 0.028 0.244 0.216 0.460 70.285 0.516 1.733
Beverages and tobacco (21) 0.038 0.025 0.064 0.013 0.146 0.133 0.279 70.183 0.420 1.553
Textiles (22) 0.050 0.052 0.102 70.002 0.364 0.367 0.731 70.421 70.263 0.783
Apparel (23) 0.066 0.050 0.117 0.016 0.363 0.347 0.710 70.673 0.543 1.587
Leather and fur (24) 0.081 0.064 0.146 0.017 0.404 0.388 0.792 70.433 0.566 1.796
Wood products and furniture (25) 0.071 0.059 0.130 0.012 0.398 0.386 0.784 70.490 0.117 1.108
Paper and printing (26) 0.050 0.033 0.084 0.018 0.213 0.195 0.408 70.404 0.260 1.276
Chemical matter (27) 0.037 0.036 0.073 0.001 0.196 0.195 0.391 70.467 70.425 0.667
Chemical products (28) 0.061 0.028 0.089 0.032 0.255 0.223 0.478 70.096 0.312 1.379
Petroleum and coal (29) 0.020 0.008 0.028 0.012 0.048 0.036 0.084 70.340 0.825 3.068
Rubber (30) 0.064 0.041 0.104 0.023 0.398 0.374 0.772 70.302 0.589 1.913
Plastics (31) 0.079 0.052 0.131 0.028 0.391 0.364 0.755 70.463 0.316 1.338
Nonmetallic mineral products (32) 0.062 0.051 0.113 0.011 0.266 0.255 0.521 70.285 70.109 0.901
Basic metal (33) 0.045 0.036 0.081 0.009 0.154 0.145 0.300 70.044 70.076 0.926
Fabricated metal products (34) 0.078 0.054 0.132 0.023 0.369 0.346 0.715 70.350 0.259 1.283
Machinery and equipment (35) 0.071 0.051 0.122 0.020 0.310 0.289 0.599 70.740 70.559 0.645
Electrical machinery (36) 0.089 0.071 0.160 0.018 0.485 0.467 0.952 70.658 0.147 1.118
Transport equipment (37) 0.057 0.041 0.099 0.016 0.244 0.228 0.472 70.682 0.143 1.111
Precision instruments (38) 0.083 0.080 0.164 0.003 0.440 0.437 0.877 70.531 70.136 0.890
Miscellaneous (39) 0.086 0.068 0.155 0.018 0.482 0.464 0.946 70.230 0.457 1.619
All manufacturing 0.068 0.053 0.121 0.015 0.359 0.344 0.703 70.521 0.228 1.219
Note: Industry averages are constructed as the mean for the two-digit industry over 1981±1994. The SIC code numbers are based on
Taiwan classi®cations in 1981.
8 The measure of growth rate is adopted from Davis and Haltiwanger (1992). The size of establishment j is measured at time t, denoted by
xjt, as the simple average of employment at time t and t ¡ 1. The growth rate of establishment j at time t, denoted by gjt, is the change in
establishment employment from t ¡ 1 to t, divided by xjt. This growth rate measure is symmetric about zero, and it lies in the closed
interval ‰¡2; 2Š with deaths (births) corresponding to the left (right) endpoint.
Table 3. Worker ¯ows in expanding and contracting plants
Hiring Separation
Plant growth Hiring Separation share share
Expanding 0.605 0.367 0.657 0.490
Contracting 0.287 0.454 0.328 0.494
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hires, but establishments with decreasing employment
account for 13.3% of all hires. Figure 3 reveals a similar
distribution of separations. Most of the distribution is con-
centrated around the centre: 65.6% of separations takes
place in plants with growth rates in the interval (¡0:3,
0.1), and a large share, 25.4%, of all separations takes
place in expanding plants. These ®gures show further evi-
dence of the importance of worker heterogeneity. The large
share of separations from expanding plants supports the
view that replacement hires are dominated by workers leav-
ing to obtain better job matches. This ®nding is consistent
with the evidence found in Denmark by Albñk and
Sùrensen (1998).
Plant size, ownership type and job and worker ¯ows
To examine the role of plant heterogeneity in the determi-
nation of job and worker turnover, two observable plant
characteristics are considered: plant size and ownership
type. Table 4 and Table 5 display job ¯ows and worker
¯ows according to six employment-size classes and two
ownership categories.9;10
As presented in Table 4, job creation rates decline mono-
tonically with plant size. The job creation rate averages
24.5% of employment per year for plants with fewer than
10 employees and 5.2% for plants with 500 or more
employees. Thus, small plants create new jobs at a much
higher gross rate than large plants. A similar pattern pre-
vails for job destruction, but the diVerence is relatively
small. The job destruction rate averages 6.5% of employ-
ment per year for plants with fewer than 10 employees and
4.9% for plants with 500 or more employees. Thus, small
plants also destroy jobs at a higher rate than large plants.
Although job creation and job destruction rates are
higher in small establishments, large plants play the domi-
nant role in job creation and destruction. The ®fth and
sixth columns report that plants with more than 100
employees account for 77% of job creation and 85% of
job destruction. This is not surprising since the employ-
ment shares of large plants are larger than small ones.
Over the 1981±1994 period as a whole, plants with more
than 100 employees account for 88% of manufacturing
employment. These results are similar to those found by
Davis et al. (1996) in the USA and Broersma and Gautier
Taiwanese manufacturing 407
0
3
6
9
12
15
18
21
24
27
30
-2
.0
0
-1
.8
5
-1
.6
5
-1
.4
5
-1
.2
5
-1
.0
5
-0
.8
5
-0
.6
5
-0
.4
5
-0
.2
5
-0
.0
5
0.
15
0.
35
0.
55
0.
75
0.
95
1.
15
1.
35
1.
55
1.
75
1.
95
P
er
ce
nt
Fig. 2. Percentage of hires by plant
9 Ideally the plant age should also be included in the analysis, but this variable is not available in the dataset.
10 Average size is used rather than initial plant size to avoid Galton’s fallacy of regression towards the mean: if initial size is used, then
®rms that have a transitory low initial size will on average seem to grow faster than those with transitory high initial size. See, e.g.
Friedman (1992), Leonard (1986), and Davis et al. (1996).
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Fig. 3. Percentage of separations by plant
Table 4. Job ¯ows according to size and ownership type
Job Job
Job Job Job Net creation destruction Employment
creation destruction reallocation change share share share
Employment
< 10 0.245 0.065 0.310 0.180 0.011 0.005 0.004
10±29 0.163 0.072 0.235 0.091 0.049 0.028 0.021
30±99 0.118 0.063 0.181 0.054 0.173 0.122 0.101
100±299 0.074 0.055 0.129 0.019 0.290 0.282 0.265
300±499 0.060 0.050 0.110 0.011 0.140 0.153 0.158
> 500 0.052 0.049 0.101 0.003 0.337 0.410 0.455
Ownership type
Public 0.016 0.034 0.050 70.018 0.022 0.060 0.089
Private 0.074 0.055 0.129 0.019 0.943 0.896 0.871
Table 5. Worker ¯ows according to size and ownership type
Hiring Separation Worker turnover Hiring share Separation share
Employment
< 10 0.565 0.385 0.650 0.005 0.004
10±29 0.474 0.382 0.677 0.027 0.022
30±99 0.442 0.387 0.754 0.123 0.113
100±299 0.386 0.367 0.829 0.286 0.283
300±499 0.344 0.333 0.856 0.151 0.153
> 500 0.327 0.324 0.950 0.408 0.424
Ownership type
Public 0.054 0.072 0.126 0.014 0.019
Private 0.392 0.373 0.765 0.948 0.941
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(1997) in the Netherlands but contrast with those reported
by Konings (1995b) , who ®nds a positive relationship
between the job destruction rate and size in the UK.
The private and public sectors diVer with respect to job
creation and destruction. The annual job creation and
destruction rates in the private sector are 7.4% and 5.5%
respectively, far higher than the corresponding values in
the public sector. In addition, most jobs are created and
destroyed in the private sector. The private sector accounts
for 94.3% of job creation and 89.6% of job destruction.
The large gross job ¯ows are consistent with the ®ndings in
Konings et al. (1996) for Polish manufacturing and Bilsen
and Konings (1998) for Bulgaria, Hungary and Romania.
Table 5 shows a diVerent picture in worker turnover by
plant size. Although hiring rates decline monotonically
with plant size, separation rate shows no systematic rela-
tionship to plant size. The hiring rate averages 56.5% for
plants with fewer than 10 employees and 32.7% for plants
with 500 or more employees. In terms of separation rates,
plants with 30-99 employees have the highest rates of
separation (38.7%), whereas plants with more than 500
employees have the lowest separation rates (32.4%). This
result contrasts with those found by Lane et al. (1996) in
the USA, which shows that small ®rms have hiring
and separation rates almost twice as great as their large
counterparts.
There is also a dramatic diVerence in worker turnover by
ownership type. The rates of hiring and separation in the
private plants are 39.2% and 37.3%, respectively, much
larger than the corresponding values in public plants,
5.4% and 7.2%, respectively. The private sector accounts
for more than 90% of total worker turnover.
VI. THE DETERMINANTS OF INDUSTRY-
LEVEL JOB AND WORKER FLOWS
The patterns of job and worker ¯ows can be explored more
formally within a regression framework. The regressions
take the form:
Yit ˆ f …GRQit; EXit; YEARt; INDi† …1†
where Yit represents (POS, NEG, H, or S) for two-digit
industry i in period t. The explanatory variables are dum-
mies for year (YEAR), to serve as a proxy for changing
macroeconomic conditions, the growth in industrial pro-
duction (GRQ) to summarize industry-level demand con-
ditions, export share of output (EX) to measure the degree
of exposure to international trade, R&D intensities (RD)
to capture technological factors like scale economies and
sunk entry costs, and industry dummies (IND) to control
for other industry-speci®c eVects.
Table 6 reports the ordinary least squares regression
results. Examining columns one and two, it is found that
the real growth of output is positively correlated with job
creation rate and negatively correlated with job destruction
rate. There is a signi®cant positive relationship between
export shares and job creation rates. This implies that job
creation is higher in export-oriented industries, consistent
with the evidence found in Morocco by Haddad et al.
(1996). In contrast, R&D intensity is not signi®cantly as-
sociated with rates of job creation and job destruction.
Similarly, Klette and Fùrre (1998) found no direct relation-
ship between job creation and R&D intensity in Norway.
Finally, the signi®cant coe cients on the year dummies
indicate that the macroeconomic environment is an import-
ant predictor of job creation and destruction rates.11
Turning to the regressions of worker-¯ow rates, the third
and fourth columns in Table 6 report that both the hiring
rate and separation rate are positively correlated with out-
put growth. There is a strong positive correlation between
share of exports and rates of hiring and separation, sug-
gesting that worker turnover rates are higher in export-
oriented industries. This indicates that export-oriented
industries have a looser employer-employee relationship.
One possible explanation is that the dominance of small-
scale ®rms, combined with a well developed network of
subcontracting relationships and trading ®rms in the
Taiwan manufacturing sector, allows ®rms to reduce the
transaction costs of entering and exiting the international
market.12
VII. CONCLUSION
This paper analyses job and worker ¯ows in the Taiwan
manufacturing sector for the period 1981±1994. It is the
®rst study of a newly industrializing economy to use com-
prehensive and representative plant-level data to analyse
these ¯ows simultaneously. At all phases of the business
cycle and even within manufacturing sectors, there is simul-
taneous job creation and job destruction, as well as simul-
taneous hiring and separation. While job creation and job
destruction are negatively correlated, hiring and separation
are positively correlated over the business cycle. The over-
all picture is one of a relatively stable process of job
destruction and separation with a more cyclical process
of job creation and hiring. Thus, job reallocation and
worker turnover are both pro-cyclical. The cyclical proper-
ties of job ¯ows closely mirror ®ndings for three developing
countries (Chile, Colombia, and Morocco), but are
Taiwanese manufacturing 409
11 To save space, we do not report the coe cients of the industry dummies.
12 Aw et al. (1997) ®nd high rates of entry and exit in export-oriented industries for the Taiwanese manufacturing sector.
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contrary to those for industrial countries. However, the
pro-cyclicity of worker turnover is consistent with evidence
for the United States and Denmark. On average, job real-
location accounts for only 17.2% of worker turnover, sug-
gesting the majority of observed worker turnover re¯ects
rotations of positions that are neither created or destroyed.
This indicates that labour turnover is much more dynamic
in Taiwan than in Western economies.
Examining employment ¯ows at the two-digit industry
level reveals that more than 70% of excess job reallocation
occurs within the same industry. Similar results hold when
sectors are de®ned in terms of four-digit industry. This
result supports the view that job reallocation is driven by
plant-level heterogeneity in labour demand. The magnitude
of job and worker ¯ows diVer systematically across plants
by size and ownership type. Job creation and destruction
rates are substantially higher among small and private-
sector plants. Hiring rates decline monotonically with
plant size, but separation rate shows no systematic rela-
tionship to plant size. Private plants are more dynamic
than public plants in terms of worker turnover.
Using pooled cross-sectional time-series data, variation
in the growth of industry output, which is likely to re¯ect
industry-level ¯uctuations in demand, is an important fac-
tor in explaining job and worker turnover. Controlling for
year and industry eVects, the real growth of output is posi-
tively correlated with job creation and negatively correlated
with job destruction. At the same time, output growth is
positively correlated with hiring and separation. Job crea-
tion is higher in export-oriented industries. There is also a
strong positive correlation between export shares and hir-
ing and separation rates, suggesting a looser employer-
employee relationship in export-oriented industries.
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